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502
SEND, VIA A FIRST COMMUNICATIONS INTERFACE, AT LEAST ONE
TEST PACKET TO A SYSTEM UNDER TEST (SUT)
504
RECEIVE, VIA ASECOND COMMUNICATIONS INTERFACE, POWER
CONSUMPTION DATA ASSOCIATED WITH THE AT LEAST ONE TEST
PACKET
506

CORRELATE THE POWER CONSUMPTION DATA AND TEST PACKET

INFORMATION

FIG. 5
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METHODS, SYSTEMS, AND COMPUTER
READABLE MEDIA FOR OBTAINING
POWER CONSUMPTION DATA
ASSOCIATED WITH PACKET PROCESSING

TECHNICAL FIELD

The subject matter described herein relates to system
testing. More specifically, the subject matter relates to
methods, systems, and computer readable media for obtain-
ing power consumption data associated with packet process-
ing.

BACKGROUND

Non-recurring engineering (NRE) generally refers to non-
reoccurring (e.g., one-time) costs associated with research-
ing, developing, designing, verifying, and testing a new
product. Integrated circuit (IC) or chip manufacturers may
incur significant NRE costs when developing a new IC or
chip. For example, a chip design process may utilize various
clectronic design automation (EDA) tools and other mecha-
nisms for testing or verifying a chip design prior to silicon
fabrication and/or mass production.

To mimimize costs associated with testing or verifying
chip designs, some manufacturers use field-programmable
gate array (FPGA) prototyping for testing application-spe-
cific mtegrated circuit (ASIC) or system on a chip (SoC)
designs prior to silicon fabrication. However, even using
FPGA prototyping and/or conventional EDA tools, some
chip design 1ssues, including power consumption issues
and/or overheating, may be diflicult to ascertain or may not
be ascertaimned early enough to avoid significant wasted
resources.

SUMMARY

Methods, systems, and computer readable media for
obtaining power consumption data associated with packet
processing are disclosed. One method for obtaining power
consumption data associated with packet processing occurs
at a test device. The method includes sending, via a first
communications 1interface, at least one test packet to a
system under test (SUT). The method also includes receiv-
ing, via a second communications interface, power con-
sumption data associated with the at least one test packet.
The method further includes correlating the power consump-
tion data and test packet information.

A system for obtaining power consumption data associ-
ated with packet processing includes at least one processor
and a test device implemented using the at least one pro-
cessor. The test device 1s configured for sending, via a first
communications interface, at least one test packet to an SUT;
for recelving, via a second communications interface, power
consumption data associated with the at least one test
packet; and for correlating the power consumption data and
test packet information.

The subject matter described herein may be implemented
in software 1n combination with hardware and/or firmware.
For example, the subject matter described herein may be
implemented 1n software executed by a processor. In some
embodiments, the subject matter described herein may be
implemented using a non-transitory computer readable
medium having stored thereon computer executable mnstruc-
tions that when executed by the processor ol a computer
control the computer to perform steps. Various computer
readable media suitable for implementing the subject matter
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described herein include non-transitory devices, such as disk
memory devices, chip memory devices, programmable logic
devices, field-programmable gate arrays, and application
specific integrated circuits. In addition, a computer readable
medium that implements the subject matter described herein
may be located on a single device or computing platform or
may be distributed across multiple devices or computing
platiorms.

As used herein, the term “node” refers to at least one
physical computing platform including one or more proces-
sors, network interfaces, and memory.

As used herein, each of the terms “function” and “mod-
ule” refer to hardware, firmware, or software 1n combination

with hardware and/or firmware for implementing features
described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter described herein will now be explained
with reference to the accompanying drawings of which:

FIG. 1 1s a block diagram illustrating an example com-
puting environment for obtaining power consumption data
associated with packet processing;

FIG. 2 1s a diagram illustrating an emulated system
providing power consumption data;

FIG. 3 1s a diagram 1llustrating an example SUT including
a power analyzer for providing power consumption data;

FIG. 4 1s a diagram 1llustrating obtaining power consump-
tion data associated with packet processing; and

FIG. 5 15 a flow diagram 1llustrating a process for obtain-
ing power consumption data associated with packet process-
ng.

DETAILED DESCRIPTION

The subject matter described herein relates to methods,
systems, and computer readable media for obtaining power
consumption data associated with packet processing. When
testing and/or verifying a chip design, a test platform may be
capable of performing various tests with various goals by
generating test traflic and monitoring and/or analyzing a
chip’s response to the test tratlic. However, 1ssues can arise
regarding power consumption and/or utilization at the chip.
To minimize wasted resources (e.g., time and money) asso-
clated with manufacturing power-inethicient chips and/or
chips prone to overheating, 1t 1s important to identily power
related 1ssues early in the chip design process. This also
allows the silicon architects to make architectural trade-oils
carly 1n the design process, and decreasing costly verifica-
tion cycle time for silicon manufacturers.

In accordance with some aspects of the subject matter
described herein, techniques, methods, systems, or mecha-
nisms for obtaining power consumption data associated with
a system under test (SUT) are disclosed. For example, an
example test system may be configured to send, via a first
communications interface, test packets (e.g., Internet proto-
col (IP) or Ethernet packets) to an SUT (e.g., a field-
programmable gate array (FPGA)) and to receive, via the
second communications interface, per-packet power con-
sumption data from the SUT or a related power analyzer. In
this example, the test system may correlate the power
consumption data and test packet information for computing
power consumption related metrics and/or reports for test
and/or design verification purposes.

Retference will now be made 1n detail to various embodi-
ments of the subject matter described herein, examples of

which are illustrated in the accompanying drawings. Wher-
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ever possible, the same reference numbers will be used
throughout the drawings to refer to the same or like parts.

FIG. 1 1s a diagram illustrating an example computing
environment 100 for obtaining power consumption data
associated with packet processing. Referring to FIG. 1,
environment 100 may include test system 114 and a system
under test (SUT) 112. Test system 114 may represent any
suitable enftity or enfities (e.g., one or more computing
platforms, a test device, or a server farm) for performing
aspects related to system testing, e.g., performing chip
design verification using test packets and per-packet power
consumption data. In some embodiments, test system 114
may be configured to perform one or more aspects associ-
ated with testing a system under test (SUT), such as SUT
112. In some embodiments, test system 114 may be a
stand-alone tool, a testing device, or software executing on
at least one processor. In some embodiments, test system
114 may be a single node or may be distributed across
multiple computing platforms or nodes.

In some embodiments, test system 114 may simulate or
emulate one or more network nodes. For example, test
system 114 may emulate a network switch or forwarding
device. In some embodiments, the emulated network node(s)
may interact with other emulated entities (e.g., emulated
user devices) and/or SUT 112.

SUT 112 may represent any suitable entity or entities
(e.g., one or more computing platforms, an itegrated circuit
(IC), an application-specific integrated circuit (ASIC), an
FPGA, a programmable logic device (PLD), a system on a
chip (SoC), and/or software executing on a processor) for
interacting with and/or for being tested and/or analyzed by
test system 114. In some embodiments, SUT 112 may
include a logic device (e.g., a FPGA or SoC) and a power
analyzer, e.g., a hardware device or a vector signal analyzer
(VSA), for monitoring and/or providing power consumption
data associated with the logic device. For example, SUT 112
may include an FPGA representing a prototype ASIC or SoC
design. In this example, the FPGA may be tested as part of
a “pre-silicon” design validation process, where, during the
testing, a power analyzer may analyzes the FPGA or points
therein to derive or obtain power consumption data associ-
ated with processing test packets. Example power consump-
tion data may include a measurement, a value, or other
information indicative of power consumed by SUT 112 1n
processing (e.g., recewving, handling, analyzing, routing,
and/or responding to) one or more packets. Continuing with
this example, the power analyzer may be configured to
provide, to test system 114, power consumption information
regarding the processing of the test packets, e.g., via a
communications interface that 1s distinct (e.g., different)
from a communications interface between the FPGA and test
system 114.

In some embodiments, SUT 112 may include emulation
soltware usable for chip design validation and/or related
testing. In such embodiments, the emulation software may
be configured for emulating a logic device (e.g., an IC, an
SoC, a PLD, an FPGA, an ASIC, etc.) and/or for providing
power consumption data (e.g., instantaneous and/or per-
packet power consumption data). For example, SUT 112
may include an emulated SoC configured to process test
packets received via a first communications interface and to
provide power consumption information regarding the pro-
cessing of the test packets.

Test system 114 may include a tratlic generator 102.
Trathic generator 102, also referred to as a port module, may
include any suitable entity or entities (e.g., e.g., an ASIC, an
IC, an FPGA, a PLD, an SoC, and/or software executing on
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processor(s) 104) for receiving data, transmitting data, and/
or processing data. For example, a port module may com-
prise an Xcellon-Ultra™ card manufactured by IXIA® or a
portion therein (e.g., a physical port with a dedicated pro-
cessor and memory) and may be configured to simulate or
emulate packets associated with various nodes or devices. In
this example, multiple port modules may comprise a differ-
ent portion (e.g., a separate physical port and associated
resources) of the Xcellon-Ultra™ card or may be associated
with a different Xcellon-Ultra™ card.

Tratlic generator 102 may 1include one or more
processor(s) 104, a power consumption correlation module
(PCCM) 106, a storage 108, and one or more communica-
tions interface(s) 110. Processor(s) 104 may represent any
suitable entity or enfities for executing soiftware and/or
modules (e.g., PCCM 106) stored in a memory (e.g., storage
108 and/or other memory). In some embodiments,
processor(s) 104 may include a microprocessor, a central
processing unit (CPU), or any other like hardware based
processing unit. In some embodiments, PCCM 106 and/or
various aspects of the disclosed subject matter can be stored
in storage 108 or other memory.

Storage 108 may represent any suitable entity (e.g., a
non-transitory computer readable medium, random access
memory (RAM), read only memory (ROM), optical read/
write memory, cache memory, magnetic read/write memory,
flash memory, embedded memory, or a memory device) for
storing data associated with testing SUT 112 and/or related
test results. Example data stored at storage 108 may include
one or more traflic tests, test configurations, test results,
traflic generated during tests, traflic received during tests,
test statistics, test logs, power consumption data (e.g., real-
time and/or instantaneous per-packet power consumption
data), power consumption metrics associated with SUT 112,
and/or other information about SUT 112.

In some embodiments, processor(s) 104 and/or storage
108 can be used to execute, implement, and/or manage
various aspects of testing SUT 112, and/or obtaining and/or
utilizing power consumption data for chip design validation
and other purposes, such as PCCM 106 or portions thereof.

Communications interface(s) 110 may represent any suit-
able entity or entities (e.g., one or more network interface
cards or portions thereof) for communicating with various
entities. For example, traflic generator 102 may use com-
munications 1nterface(s) 110 for communicating data
between SUT 112 via one or more physical or virtual ports,
communications interfaces, or connections. In some
embodiments, communications interface(s) 110 may include
functionality for communicating with SUT 112 using a
physical layer (PHY) interface protocol, a common public
radio interface (CPRI) protocol, or other protocols. For
example, a PHY interface and/or link may connect a test port
(e.g., trathic generator 102) of test system 114 to a commu-
nications port associated with SUT 112.

In some embodiments, communications interface(s) 110
may also include functionality for communicating with a
power analyzer and/or SUT 112 and/or for receiving power
consumption data using one or more communications pro-
tocols. For example, a PCD interface and/or link may be
used to obtain instantaneous power consumption and/or
utilization data from SUT 112 or related entities (e.g., a
power analyzer).

PCCM 106 may include any suitable entity or entities
(e.g., e.g., an ASIC, an IC, an FPGA, a PLD, an SoC, and/or
soltware executing on processor(s) 104) for performing one
or more aspects associated with receiving, correlating, ana-
lyzing, and/or reporting power consumption data associated
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with SUT 112. For example, PCCM 106 may receive, via a
PCD interface or other communications interface, instanta-

neous power consumption data associated with processing,
test packets at SUT 112.

In some embodiments, PCCM 106 may correlate power
consumption data and test packet information using time-
stamps and/or other stored data. For example, test system
114 and/or modules therein (e.g., trailic generator 102 and/or
PCCM 106) may generate and/or store timestamp 1nforma-
tion regarding test packets, response packets, and/or power
consumption data. In this example, timestamp information
may be usable by PCCM 106 for correlating test packets
with 1nstantaneous power consumption data associated with
processing the test packets.

In some embodiments, PCCM 106 may analyze corre-
lated power consumption data using one or more algorithms
and/or statistical functions for computing various metrics.
Some example power consumption metrics may nclude an
average power consumption value per packet, an average
power consumption value per packet stream (e.g., a group of
packets or a transaction), and/or an average power consump-
tion value per test session, a maximum or peak power
consumption value associated with a packet type, a maxi-
mum or peak power consumption value associated with a
packet stream, a maximum or peak power consumption
value associated with a test session, a minimum power
consumption value associated with a packet type, a mini-
mum power consumption value associated with a packet
stream, and/or a minimum power consumption value asso-
ciated with a test session.

In some embodiments, test system 114 and/or PCCM 106
may analyze and/or determine dynamic power consumption
for particular chip designs based on particular test sessions
or packet sequences. For example, when testing a chip
design for handling high port count and/or high switching
activity 1n next generation switches, test system 114 may
trigger a first test session mvolving a stream of IP v4 packets
and correlate per-packet power consumption data with these
packets during the first test session and then may trigger a
second test session involving a stream of IP v6 packets and
correlate per-packet power consumption data with these
packets during the second test session. In this example, test
system 114 and/or PCCM 106 may compute various power
consumption metrics for each session and may report any
abnormal metrics detected (e.g., based on a predetermined
threshold or percentage) and/or may indicate whether power

consumption was significantly different between the test
SESS101S.

In some embodiments, test system 114 and/or PCCM 106
may analyze and/or determine “hotspots™ or probability of
“hotspots™ 1n SUT 112. For example, chip designers can use
test system 114 to test a chip design for “hotspots” by
determining whether certain sampling points in the chip are
likely to overheat during a first test session. In this example,
if the first test session indicates overheating 1s possible, a
more strenuous second test session may be used to deter-
mine whether the chip will actually overheat. Continuing
with this example, using various test sessions with various
packet sequences or packet types, test system 114 and/or
PCCM 106 may determine a probability for overheating or
“hotspots™ 1n a particular chip design.

In some embodiments, test system 114 and/or PCCM 106
may analyze and/or determine power consumption related
ellects, such as process variation, aging effects, and/or stress
ellects, for SUT 112. For example, by sending certain H.265
packets for extended periods, test system 114 and/or PCCM
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106 may determine or predict battery life and/or video
quality for streaming H.265 devices, e.g., smartphones.

In some embodiments, test system 114 and/or PCCM 106
may generate one or more test reports that include power
consumption metrics or information derived therefrom. For
example, for a test session nvolving multiple packet
sequences and/or packet types, a test report may indicate
average power consumption at one or more sampling points
for each packet sequence or packet type. In another example,
a test report may 1ndicate an average power consumption at
one or more sampling point during a test session and may
also 1ndicate any metrics (€.g., maximum power consump-
tion values at different signaling points 1n SUT 112) that
appear abnormal (e.g., based on predetermined percentage
or threshold value). In this example, the test report may
indicate additional tests to perform and/or possible causes
for the abnormal values.

It will be appreciated that FIG. 1 1s for illustrative
purposes and that various nodes, their locations, and/or their
functions (e.g., modules) described above 1n relation to FIG.
1 may be changed, altered, added, or removed. For example,
some nodes and/or functions may be combined into a single
entity. In another example, some nodes and/or functions may
be distributed across multiple nodes and/or platforms.

FIG. 2 1s a diagram illustrating an emulated system 200
providing power consumption data. In some embodiments,
SUT 112 may include or represent emulated system 200.
Emulated system 200 may represent or include any entity or
entities (e.g., an FGPGA, an ASIC, solftware executing on at
least one processor) for performing various actions, €.g.,
emulating a chip or a logic device that processes test packets
and/or provides per-packet power consumption data related
to packet processing). For example, emulated system 200
may include at least one processor executing software that
emulates an SoC for testing and/or design verification pur-
poses. In this example, the software may also be capable of
providing power consumption data associated with process-
ing of one or more test packets by the emulated SoC.

In some embodiments, emulated system 200 may be
configured to compute (e.g., instantaneous, average, mini-
mum, maximum, ¢tc.) power consumption data and to
provide this power consumption data to test system 114 or
module(s) therein via one or more communications inter-
faces.

In some embodiments, emulated system 200 may be
configured to sample power consumption at discrete inter-
vals and may apply timestamps to power consumption data
values obtained at each sampling point, such that emulated
system 200 provides test system 114 or module(s) therein
with timestamped power consumption data.

In some embodiments, emulated system 200 may be
configured to emulate sampling power consumption at dis-
crete intervals and may apply timestamps to emulated power
consumption data values, such that emulated system 200
provides test system 114 or module(s) therein with time-
stamped power consumption data.

In some embodiments, where timestamped data 1s pro-
vided by SUT 112 or a related entity (e.g., emulated system
200), test system 114 and SUT 112 or the related entity (e.g.,
emulated system 200) may synchronize clocks prior to
and/or during a test using a timing synchronization protocol.

It will be appreciated that FIG. 2 1s for illustrative
purposes and that various nodes, their locations, and/or their
functions (e.g., modules) described above in relation to FIG.
2 may be changed, altered, added, or removed. For example,
some nodes and/or functions may be combined into a single
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entity. In another example, some nodes and/or functions may
be distributed across multiple nodes and/or platiforms.

FI1G. 3 1s a diagram 1llustrating an example SUT including
a power analyzer for providing power consumption data. In
some embodiments, SUT 112 may represent a system 300
and a power analyzer 302. System 300 may represent or
include any entity or entities (e.g., a PLD, an FGPGA, an
ASIC, a logic device, etc.) for performing various actions,
e.g., processing test packets). For example, SUT 112 may
include an FPGA that represents a proposed SoC design. In
another example, system 300 may include multiple chips or
logic devices connected via an internal communications
mechanism (e.g., a communications bus or switching net-
work). In this example, communications may be routed or
forwarded to or from various chips via the internal commu-
nications mechanism.

Power analyzer 302 may represent or include an external
power measurement device and/or tool that 1s associated
with or connected to system 300. For example, power
analyzer 302 may include at least some hardware (e.g., a
VSA) for monitoring power consumption at one or more
sampling points 1 system 300 during a test session. In this
example, power analyzer 302 may provide, to test system
114 or module(s) therein, power consumption data associ-
ated with processing one or more test packets by system 300.

In some embodiments, system 300 may utilize a commu-
nications interface for receiving test packets that is separate
or different from a communications interface used by power
analyzer 302 for sending power consumption data. In some
embodiments, system 300 and power analyzer 302 may
communicate via one or more communications interfaces.

In some embodiments, power analyzer 302 may be con-
figured to compute (e.g., instantaneous, average, minimuin,
maximuim, etc.) power consumption data and to provide this
power consumption data to test system 114 or module(s)
therein via one or more communications interfaces.

In some embodiments, power analyzer 302 may be con-
figured to sample power consumption at discrete intervals
and may apply timestamps to various power consumption
data values obtained or computed, such that power analyzer
302 provides test system 114 or module(s) therein with
timestamped power consumption data.

In some embodiments, where timestamped data 1s pro-
vided by SUT 112 or a related entity (e.g., power analyzer
302), test system 114 and SUT 112 or the related entity (e.g.,
power analyzer 302) may synchronize clocks prior to and/or
during a test using a timing synchronization protocol.

It will be appreciated that FIG. 3 i1s for illustrative
purposes and that various nodes, their locations, and/or their
functions (e.g., modules) described above 1n relation to FIG.
3 may be changed, altered, added, or removed. For example,
some nodes and/or functions may be combined into a single
entity. In another example, some nodes and/or functions may
be distributed across multiple nodes and/or platiforms.

FI1G. 4 1s a diagram 1illustrating obtaining power consump-
tion data associated with packet processing. In some
embodiments, test system 114 may test and/or analyze SUT
112 using traflic generator 102 and PCCM 106. For example,
traflic generator 102 may generate various test packets for
testing SUT 112 and PCCM 106 may receive, correlate,
and/or analyze power consumption data associated with the
test packets.

In some embodiments, traflic generator 102 may represent
a particular test port that communicates with SUT 112 and/or
modules therein via one or more communications interfaces
(e.g., a PHY interface). For example, test system 114 may
utilize multiple test ports for testing different features and/or
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different types of trathic at SUT 112. In another example, test
system 114 may utilize multiple test ports for receiving
power consumption mformation from SUT 112 or power
analyzer 302. In this example, where tratlic generator 102
receives power consumption data from SUT 112 or power
analyzer 302, traflic generator 102 may send the power
consumption data to PCCM 106 for processing (e.g., cor-
relation and/or analysis) or for storing the data 1n storage 108
for later processing.

In some embodiments, PCCM 106 may communicate
with SUT 112 or power analyzer 302 via one or more
communications interfaces (e.g., a PCD interface). In some
embodiments, PCCM 106 may communicate with traflic
generator 102 and/or storage 108 via one or more commu-
nications interfaces (e.g., an mnternal communications bus).
For example, PCCM 106 may obtain test packet information
and/or power consumption data via tratlic generator 102 or
storage 108.

Referring to FIG. 4, 1n step 401, at least one test packet
may be generated by tratlic generator 102. For example,
assuming SUT 112 includes a PLD or an SoC for a data
center grade or top-of-rack (ToR) switch, Ethernet and/or 1P
packets may be generated for testing SUT 112.

In step 402, the at least one test packet may be sent from
traflic generator 102 to SUT 112. For example, traflic
generator 102 may send one or more packets via a PHY
interface.

In step 403, power consumption data associated with the
at least one test packet may be sent from SUT 112 to PCCM
106. For example, power analyzer 302 may determine power
consumption data associated with processing a received test
packet. In this example, power analyzer 302 may send an
Ethernet packet or other message containing the power
consumption data to PCCM 106 via a communications
interface.

In step 404, at least one response packet may be sent from
SUT 112 to traflic generator 102. For example, SUT 112 may
send a response or acknowledgement packet acknowledging
that one or more test packets were received from trafhic
generator 102.

In step 405, power consumption data associated with the
at least one response packet may be sent from SUT 112 to
PCCM 106. For example, power analyzer 302 may deter-
mine power consumption data associated with generating a
response packet to a recerved test packet and may send an
Ethernet packet or other message containing the power
consumption data to PCCM 106 via a communications
interface.

In some embodiments, power consumption data may be
sent periodically (e.g., every 5 seconds) or aperiodically
(e.g., dynamically, such as after one or more packets are
processed and/or generated). For example, istead of send-
ing a power consumption data message aiter processing a
test packet and another power consumption data message
alter generating a response packet, SUT 112 or power
analyzer 302 may send a single power consumption data
message containing power consumption data associated
with both events; e.g., processing the test packet and gen-
crating the response message.

It will be appreciated that the communications and/or
actions depicted i FIG. 4 are for illustrative purposes and
that different and/or additional communications and/or
actions than those depicted 1n FIG. 4 may be used for testing
SUT 112, obtaining power consumption data, and/or related
activities. It will also be appreciated that various commu-
nications and/or actions described herein may occur con-
currently or 1n a different order or sequence.
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FIG. § 1s a flow diagram 1llustrating an example process
500 for obtaining power consumption data associated with
packet processing. In some embodiments, process 500, or
portions thereof, may be performed by or at test system 114,
PCCM 106, processor(s) 104, a test device, traflic generator
102, and/or another node or module. In some embodiments,
process 500 may include steps 502, 504, and/or 506.

Referring to process 500, in step 3502, at least one test
packet may be sent, via a first communications interface, to
SUT 112. In some embodiments, a first communications
interface may 1include a physical layer interface. For
example, test system 114 or a module theremn (e.g., traflic
generator 102) may send a test packet (e.g., an IP or TCP
packet) to SUT 112 via a PHY interface.

In step 504, power consumption data associated with the
at least one test packet may be received, via a second
communications interface. In some embodiments, a second
communications iterface may be the same as a {irst com-
munications 1nterface. In some embodiments, a second
communications interface may be distinct from a {irst com-
munications interface. For example, after processing a test
packet, SUT 112 or power analyzer 302 may send, via a
PCD nterface or another communications interface, power
consumption data to test system 114 or a module therein.

In some embodiments, power consumption data may
include instantaneous power consumption data associated
with processing, by SUT 112, at least one test packet. In
some embodiments, power consumption data may include
average power consumption data associated with process-
ing, by SUT 112, at least one test packet. In some embodi-
ments, power consumption data may be from one or more
sampling points 1n SUT 112. In some embodiments, where
a statistical function 1s performed using power consumption
data, data values may be from one or more sampling points
and/or sampled (e.g., measured) at diflerent times.

In some embodiments, power consumption data may
include a timestamp associated with the power consumption
data. For example, power analyzer 302 may include a clock
and a timestamp mechanism for indicating when a power
consumption data value was obtained or computed.

In step 506, the power consumption data and test packet
information may be correlated. In some embodiments, cor-
relating power consumption data and test packet information
may include using a timestamp associated with the power
consumption data and a timestamp associated with at least
one test packet for correlation. For example, PCCM 106
may correlate power consumption data with test packets that
have timestamps that are substantially the same or within a
predetermined threshold, e.g., that are within a few muilli-
seconds or microseconds of each other.

In some embodiments, a timestamp associated with power
consumption data and/or a timestamp associated with at
least one test packet may be generated or obtained by a test
device (e.g., test system 114 or a related module). For
example, test system 114 may generate timestamps when
packets are sent to SUT 112 and/or may generate timestamps
when power consumption data 1s received from SUT 112 or
power analyzer 302. In another example, test system 114
may obtain timestamps from received messages or packets.

In some embodiments, process 300 may further include
generating, using the power consumption data and test
packet information, a report. For example, PCCM 106 may
generate a report indicating various power consumption
metrics derived from received power consumption data and
test packet information.

In some embodiments, PCCM 106 may also generate a
report that include time information associated with various
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power consumption metrics, such as when a peak power
consumption value 1s reached by SUT 112 and/or how often
a new peak power consumption value 1s 1dentified.

In some embodiments, SUT 112 may 1nclude an SoC, an
emulated SoC, a PLD, an emulated PLD, a FPGA, an

emulated FPGA, an ASIC, an emulated ASIC, or a hardware
Processor.

It will be appreciated that process 500 1s for illustrative
purposes and that different and/or additional actions may be
used. It will also be appreciated that various actions
described herein may occur 1n a different order or sequence.

It should be noted that test system 114, trathic generator
102, PCCM 106, and/or tunctionality described herein may
constitute a special purpose computing device. Further, test
system 114, tratlic generator 102, PCCM 106, and/or func-
tionality described herein can improve the technological
field of chip design verification by providing mechanisms
(e.g., via one or more communications nterfaces) for obtain-
ing power consumption data (e.g., per-packet instantaneous
power consumption data) associated with packet processing
at SUT 112 and/or for using such information in generating
various power consumption metrics and/or related reports.
Furthermore, test system 114, trathic generator 102, PCCM
106, and/or functionality described herein can utilize or
include one or more improvements to computer-related
technology and/or computer functionality. For example, by
obtaining and using correlated power consumption data
associated with packet processing, chips that are energy
ellicient and/or safe from overheating can be designed more
quickly and at lower costs because power consumption
1ssues can be ascertained more quickly and more efliciently
during design testing and verification.

It will be understood that various details of the subject
matter described herein may be changed without departing
from the scope of the subject matter described herein.
Furthermore, the foregoing description is for the purpose of
illustration only, and not for the purpose of limitation, as the
subject matter described herein 1s defined by the claims as
set forth hereinafter.

What 1s claimed 1s:

1. A method for obtaining power consumption data asso-
ciated with packet processing, the method comprising;:

at a test device:

sending, via a first communications interface, at least
one test packet to a system under test (SUT), wherein
a timestamp associated with the at least one test
packet 1s generated by the test device;

receiving, via a second communications interface,
power consumption data associated with the at least
one test packet, wherein a timestamp associated with
the power consumption data associated with the at
least one test packet 1s generated or obtained by the
test device;

correlating the power consumption data and test packet
information to generate at least one packet related
power consumption metric, wherein correlating the
power consumption data and the test packet infor-
mation includes using the timestamp associated with
the power consumption data and the timestamp asso-
ciated with the at least one test packet for correlation;
and

generating, using the correlated power consumption
data and test packet information, the at least one
packet related power consumption metric.

2. The method of claim 1 comprising:

generating, using the power consumption data and test

packet information, a report.
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3. The method of claim 1 wherein the first communica-
tions interface mcludes a physical layer interface.

4. The method of claim 1 wherein the SUT includes a
system on a chip (SoC), an emulated SoC, a field-program-
mable gate array (FPGA), an emulated FPGA, an applica-
tion-specific integrated circuit (ASIC), an emulated ASIC, or
a hardware processor.

5. The method of claim 1 wherein the second communi-
cations interface 1s distinct from the first communications
interface.

6. The method of claim 1 wherein the second communi-
cations interface i1s the same as the first communications
interface.

7. The method of claim 1 wherein the power consumption
data includes instantaneous power consumption data asso-
ciated with processing, by the SUT, the at least one test
packet.

8. The method of claim 1 wherein the power consumption
data includes the timestamp associated with the power
consumption data.

9. The method of claim 1 wherein the at least one packet
related power consumption metric includes an average
power consumption value per packet, an average power
consumption value per packet stream, an average power
consumption value per test session, a maximum or peak
power consumption value associated with a packet type, a
maximum or peak power consumption value associated with
a packet stream, a maximum or peak power consumption
value associated with a test session, a minimum power
consumption value associated with a packet type, a mini-
mum power consumption value associated with a packet
stream, or a minimum power consumption value associated
with a test session.

10. The method of claim 9 wherein the timestamp asso-
ciated with the at least one test packet indicates a transit time
that a first packet was sent to the SUT or a receive time that
a first packet was recerved by the SUT.

11. A system for obtaining power consumption data
associated with packet processing, the system comprising:

at least one processor; and

a test device implemented using the at least one processor,

the test device configured for:

sending, via a first communications interface, at least
one test packet to a system under test (SUT), wherein
a timestamp associated with the at least one test
packet 1s generated by the test device;

receiving, via a second communications interface,
power consumption data associated with the at least
one test packet, wherein a timestamp associated with
the power consumption data associated with the at
least one test packet 1s generated or obtained by the
test device;

correlating the power consumption data and test packet
information to generate at least one packet related
power consumption metric, wherein correlating the
power consumption data and the test packet infor-
mation includes using the timestamp associated with
the power consumption data and the timestamp asso-
ciated with the at least one test packet for correlation;
and

generating, using the correlated power consumption
data and test packet information, the at least one
packet related power consumption metric.

12. The system of claim 11 wherein the test device is
configured for:
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generating, using the power consumption data and test
packet information, a report.
13. The system of claim 11 wherein the first communi-

cations interface includes a physical layer interface.

14. The system of claim 11 wherein the SUT includes a
system on a chip (SoC), an emulated SoC, a programmable
logic device (PLD), an emulated PLD, a field-programmable
gate array (FPGA), an emulated FPGA, an application-
specific mtegrated circuit (ASIC), an emulated ASIC, or a
hardware processor.

15. The system of claim 11 wherein the second commu-
nications interface 1s distinct from the first communications
interface.

16. The system of claim 11 wherein the second commu-
nications interface 1s the same as the first communications
interface.

17. The system of claim 11 wherein the power consump-
tion data includes instantaneous power consumption data
associated with processing, by the SUT, the at least one test
packet.

18. The system of claim 11 wherein the at least one packet
related power consumption metric includes an average
power consumption value per packet, an average power
consumption value per packet stream, an average power
consumption value per test session, a maximum or peak
power consumption value associated with a packet type, a
maximum or peak power consumption value associated with
a packet stream, a maximum or peak power consumption
value associated with a test session, a minimum power
consumption value associated with a packet type, a mini-
mum power consumption value associated with a packet
stream, or a minimum power consumption value associated
with a test session.

19. The system of claim 11 wherein the timestamp asso-
ciated with the at least one test packet indicates a transit time
that a first packet was sent to the SUT or a receive time that
a first packet was recerved by the SUT.

20. A non-transitory computer readable medium having
stored thereon executable mstructions that when executed by
at least one processor of a computer cause the computer to
perform steps comprising:

at a test device:

sending, via a first communications interface, at least
one test packet to a system under test (SUT'), wherein
a timestamp associated with the at least one test
packet 1s generated by the test device;

receiving, via a second communications interface,
power consumption data associated with the at least
one test packet, wherein a timestamp associated with
the power consumption data associated with the at
least one test packet 1s generated or obtained by the
test device;

correlating the power consumption data and test packet
information to generate at least one packet related
power consumption metric, wherein correlating the
power consumption data and the test packet infor-
mation includes using the timestamp associated with
the power consumption data and the timestamp asso-
ciated with the at least one test packet for correlation;
and

generating, using the correlated power consumption
data and test packet information, the at least one
packet related power consumption metric.
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